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EVALUATION OF CRXTICAL PROPERTIES O F  

S E L E C T E D  MATEFUALS FOR ELECTRONIC PACKAGING PURPOSES 

I. INTRODUCTION 

, This  is the  th i rd  monthly r epor t  in a s e r i e s  documenting a n  evaluat ion 
unde r  s imula t ed  s p a c e  conditions of s e l ec t ed  non-meta l l ic  m a t e r i a l s ,  
u t i l i zed  in e l ec t ron ic  equipment.  During t h i s  pe r iod ,  m o s t  of the c o m p a r -  
a t i v e  ambien t  environment  t e s t s  have been completed;  a s m a l l e r  port ion of 
the  vacuum t e s t s  made;  and a somewhat  l a r g e r  port ion of the ambien t  
envi ronment  t e s t s  a f t e r  vacuum a n d  t e m p e r a t u r e  soak  cyc les  have been  
comple ted .  
th i s  r e p o r t ;  evaluat ion,  deduction and recommendat ions  wil l  be r e s e r v e d  
fo r  t h e  next ( i ina l )  r e p o r t .  
i n a r y  and sub jec t  to  change in re tes t ing  when the  e n t i r e  p r o g r a m  i s  
comple ted .  
in th i s  monthly r e p o r t  only. 
va lues  which in a l l  t e s t s  repor ted  he re in  ranged f r o m  
Although the  equipment  is capable  of opera t ing  a t  lo-7rnr-n IIg s e v e r e  outgass ing  
has been  exper ienced  with a l l  the  t e s t  s a m p l e s .  
poss ib i l i ty  of e v e r y  t e s t  within the t i m e s  provided r e q u i r e d  by the c o n t r a c t  a t  
lO-6mrn Hg. ,  

The  r e s u l t s  a r e  repor ted  without comment s  o r  conclusions in / 
These  da ta  should be cons ide red  a s  p r e l i m -  

Vacuum p r e s s u r e s  a r e  l i s ted  as nominal  fo r  e a s e  of r epor t ing  
The  final r e p o r t  wil l  r e p o r t  ac tua l  m e a s u r e d  

to 10-6mm Hg. 

This has  prec luded  the  
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XI. MECHANICAL TESTS (Truesda i l  Labora to r i e s  subcon t rac t  except  for 
Adhesion Tests  at Redel)  

A .  Adhesive,  Eccobond 55 w/No. 9 Cata lys t  ( E m e r s o n  and Cuming) 

1. Tens i l e  Shea r ,  ASTM DlOO2 (5 r e p l i c a t i o n s )  

r ecomrnended by manufac tu re r  
Samples  solvent  wiped; bonding and  cu r ing  cyc les  as 

Low A v e r a g e  High 

1 ATM and 72'F 

Me ta  1 *- Me ta 1 351 p s i  463 psi  597 p s i  
Metal-  P l a s t i c  ** 3 82 5 03 665 
Plastic - Plas t i c  1847 2076 2233 

1 A T M  and  300°F 

Metal-Metal  i l l  p s i  146 psi  181 p s i  
Metal-  P l a s t i c  80 87 91 
P l a s t i c -  Plas t i c  79 86 95 

1 A T M  and -40°F 

Metal-Metal  477 psi 545 psi 616 p s i  
Itf e t a 1 - Pla 6 t i c  3 4 5  400 539 
P la s t i c -P la s t i c  1537 1940 2347 

2. Cleavage Strength,  ASTM D1062-5 1 (5  rep l ica t ions)  
Samples  solvent  wiped ; bonding and  cu r ing  cyc le s  as 

r ecommended  by manufac tu re r  

Low Average  High  

1 ATM and 72°F 

Metal  *- Me ta 1 477 p s i  690  ps i  1010 p s i  
Metal  - P l a s t i c  ** 149 389 580 
Plastic- P l a s t i c  613 7 17 869 

1 ATM and 300°F 

Metal-Metal  86 psi  92 psi  169 p s i  
Metal-  P l a s t i c  14 32 54 
P l a s t i c  - P l a s t i c  34 55  84 

1 A T M  and-4O"F 

Metal -Meta l  496  psi  62 1 psi 7 l l p s i  
Meta 1- Plastic 432 632 93 1 
Plastic- P l a s t i c  300, 465, 703, 910, 980 

*Aluminum, 6061 S 
**Epoxy-glass,  Type G E  

I N C O R P O R A T E D  d- 
2 Anaheim, California 



B. Conformal  Coatings 

1. Tuf-On 7478 (Brooklyn. Pa in t  and  Varn i sh )  

a. Adhesion,  Fede ra l  T e s t  Method 14 1-6301 ( 3  repl icat ions)  
Samples  solvent wiped; cu r ing  cyc le s  as recommended 

by manufac turer  and  as noted 

1 ATM-70°F 

On Metal* 
On P l a s t i c  ** 

Afte r  10-6rnm Hg 
nominal  and 7O'F for 
24 hours  
(Tes t ed  a t  70-F and 1 A t m )  

On Metal 
On Plastic 

Fail 
Pass 

Fail 
Pass 

Fail 
Fail 

Fail 
Fail 

2 .  Soli thane 113 w/300 Cata lys t  (Thiokol)  

a. 

P 

Adhesion, Fede ra l  T e s t  Method 141-6301 ( 3  rep l ica t ions)  
Samples  solvent wiped, cur ing cyc les  as  r ecommended  

by manufac turer  and as noted 

C u r e  Cvcle 

1 ATM-70°F 

Room T e m p  1 6 5°F 

~~ 

On Metal* 
On Plas t ic**  

Af te r  10 -6 rnm nominal 

and  70°F for  24 hours  
' (Tested a t  70°F and 1 A t m  

On Metal  
On P la s t i c  

F a i l  
Pass 

Fail 
Pass 

*Aluminum 6061 ST 
*'*Epoxy-glass, Type  CE 

Fail 
Pass 

Fail 
Pass 

zdd I N C O R ' p O R A T E D  5- 
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G. Pott ing Compounds,  Stycast  1090 w/No. 9 and No. 11 Cata lys t s  
I E m e r s o n  and Cuming) 

1. T e n s i l e  Strength,  ASTM D638 (5 rep l ica t ions)  
Samples  c a s t  and machined to  s i z e ;  cu r ing  cyc les  a s  , 

r ecommended  by manufac tu re r  and  as noted 

LOW Average  High 

1 ATM and 6 4 ° F  

Room t e m p e r a t u r e  340  p s i  370 p s i  400 ps i  
c u r e  (Catalyst  No. 9) 

212°F-2  hours  cu re  3 17 3 54 
(Cata lys t  No. 11) 

1 ATM and 3 0 0 ° F  

Room t e m p e r a t u r e  136 2 17 
c u r e  (Catalyst  No. 9 )  

391 

298 

212°F-2  hours  cure  243 281 3 19 
(Cata lys t  No. 1 1 )  

1 ATM and - 4 0 ° F  

Room te inpe r a i u r e  2602 2881 3160 

212°F-2  hours  cure  2486 2656 2826 

c u r e  (Cata lys t  No. 9 )  

(Cata iys t  No. 11) 

D. Foams, Eccofoam FP w/12-6 Cata lys t  ( E m e r s o n  and  Cuming)  

1. Tens i l e  S t rength ,  ASTM D638 (5 rep l ica t ions)  

Eccofoam F P H  w /12-6H Cata lys t  (high t e m p e r a t u r e )  

Samples  machined to size; cur ing  cyc les  as r ecommended  
by ma nu fa c tu  r e r 

Low A v e r a e e  I l i e h  

1 A T M  and 7 2 ° F  

FP 
F P H  

1 ATM and 1 6 5 ° F  

127 p s i  144 psi 161 ps i  
191 166 14 1 

FP 
F P H  

1 A T M  and  -40°F 

FP 
F P H  

Zdfd I N C O R P O R A T E D  

- < 1 psi  - 
143 157 17 1 

152 181 210 psi  
269 304 339 
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-a III. ELECTRICAL TESTS 

A. Adhesive,  Eccobond 55 w/NO. 9 Cata lys t  ( E m e r s o n  and Cuming 

1. Res is t iv i ty ,  ASTM D257 (ave rage  of 3 r ep l i ca t ions )  
Samples  c u r e d  a s  r ecommended  by manufac tu re r  

1 A T M  10'6mrn Hg At 7 0 ° F - 1  
Nominal  Atm,  a f t e r  

24 hours  
a t  10-6mm Hg 
and temp-  
e r a t u r e  noted 

3 a. Volume ( o h m s / c m  ) 

14 t 7 0 ° F  7 x 10 6.4 x 10 l4 6.4 x 10 

14 
t 300°F 2 . 2  x 10 

14 

3 x 10 14 

b. Sur face  (ohms /cm) 

t 7 0 ° F  7.4 x 1011 6 .  i x i o "  6 x i i j ' i  

t 300'F 2 x 10" 2.5 x 10" 

Zh' l N C O R P O R A T E D  
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B. Conformal Coatings 

1. Solithane 113 w/Catalyst 300 (Thiokol) 
Curing cyc le  as recommended by manufacturer 

a. Resistivity ASTM D257 (average of 3 replications) 

- 6  1 Atm 10 m m H g  A t 7 0 " F - 1  
Nominal Atin after 24 

hours at 
10-6mt-n Hg 
and tempera- 
ture noted 

3 1 .  Volume (ohms/cm ) 

12 + 70°F 9.6 x 10 l2  9 . 8 ~  10 l 2  10.2x 10 

t 7 0 ° F  9.9 x 10 l 4  10.2x 10 l4 11.1 x 10 

2. Surface (ohms / c m )  

14 

b. Capacitance, ASTM D150 (average of 3 replications) 

1. 

2. 

Dielectric Constant 

t 7 0 ° F  
60 c y c / s e c  3 . 9  

106 cyc / scc  3 . 8 9  
t 7 0 ° F  

Dissination Factor 

4.1 

3.56 

3.97 

3.56 

t 7 0 " F  
60 c y c l s e c  0.084 

t 7 0 ° F  
106 c y c / s e c  0 .024 

0.085 

0.024 

0.085 

0.024 

&&4! I N C O R P O R A T E D  
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C. Potting Compound, Stycaet 1090 w/Ca ta lys t  No.9 and No. 1 1  
- (Emerson  and  Curning) 

1. Resis t ivi ty ,  ASTM D257 ( ave rage  of 3 rep l ica t ions)  

1 A t m  10m6rnm Hg At 70°F-1 
Nominal Atm after 

and t e m p e r a -  
t u r e s  noted 

3 a. Volume 
‘ (ohmcm ) 

t 7 0 ° F  
Room ternD- 

4 .9  x 10 l3 - 
e r a t u r e  c u r e  
‘(Catalyst No. 9) 

4.2 5 4.8 10 13 212°F-2 hrs .  c u r e  
‘(Catalyst No. 11 )  

t 3 0 0 ° F  13 2 x 10 
Roo m tern D - 
e r a t u r e  c u r e  
‘(Catalyst No. 9 )  

13 1 .8  2 1 0  l 3  4 x 10 212°F-2 h r s .  c u r e  
-(Catalyst No. 11) 

b. Surface  (ohms / c m )  
- 12 t 7 O ” F  7.9x 10 

1100 In te mp - 
e ra t i i r c  c u r e  
-(Catalyst  N O .  9 )  

12 
212°F-2 hrs. c u r e  
(Catalyst  No.  11) 

Roo rn t e m P - 

6.5 x 10“ 7 x 10 l 2  6.7 x 10 

t 500°F  2.4 x 10 - - 12 

e r a t u r e  c u r e  
-(Catalyst  No. 9 )  

212°F-2 hrs. c u r e  
ICata lys t  No, 11) 

2.1 x 10l2 2.5 x 10“  6.1 x 10 12 

;QEdcl I N C O R P O R A T E D  
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2. Capac i t ance ,  ASTM D150 ' (average  of 3 repl ica t ions)  

1 Atm 10-6rnm Hg At 7 0 ° F  and 
No minal  1 Atm a f t e r  

24 hours  at 
106mtn Hg 
and t e rnp e r a - 
t u r e s  noted 

2. Dielectr ic  Constant 

Room tempera tu re  c u r e  
(Cata lys t  No. 9) 

t 7 0 ° F  
6 o y c  /s  e c  - 

-c I s e c  - 
106 cyc / sec  1.33 

t 3 0 0 ° F  

106 cyc /sec 1. 15 

212°F-2  h r s .  c u r e  
(Cata lys t  No .  11)  

t 7 0 ° F  
60 c y c / s c c  1.4 
106 cyc / s e c  1.2 

t 3 0 0 ° F  
bo c y c / s c c  1.47 
106 cyc /scc 1.35 

- 
1.34 

- 
t 

1.49 
1.29 

1.63 
1.4 

- 
1.34 

- 
1.29 

1.39 
1.27 

1.51 
1.29 

b. Dissipat ion Fac tor  

(Cata lys t  No.  9) 

t 7 0 ° F  I 

Room tempera tu re  c u r e  

6 o y c  / s ec  
106 cyc /sec 

t 3 0 0 ° F  
v c  / s c c  

106 cyc / sec  

212°F-2  h r s .  cu re  
(Cata lys t  No.  11) 

t 7 0 ° F  

- 
0.015 

- 
0.014 

- 
0.014 

- 
0.015 

- 
0.016 

6 o y c  / s  ec 0.015 0.015 0.017 
106 cyc  /sec 0.015 0.015 0.017 

t 3 0 0 ° F  
w c  /s ec 0.016 0.016 0.015 

106 cyc / sec  0.014 0.015 0.015 



IV. PHYSICAL TESTS 

A. Adhesive,  Eccobond 55 w/No.  9 Cata lys t  ( E m e r s o n  and Cuming) 
Solid spec imens  c a s t  and c u r e d  acco rd ing  to recommended 

p rocedures  of manufac turer  

1. Mois tu re  Absorpt ion,  ASTM D570 ( a v e r a g e  of 3 rep l ica t ions)  

T e s t e d  a t  7 0 ° F  Tes ted  a t  165'F 

At 1 Atm. 0. 5470 0.5770 

0. 11% 0. 1170 6 Af t e r  24 hrs. a t  10 m m  Hg 
nominal  and 7 0 ° F  

B. Conformal  Coating 

1. Tuf-On 747s (Brooklyn Pa in t  and  Varn i sh )  

a. Mois ture  Absorpt ion,  ASTM D570 (ave rage  of 3 rep l ica t ions)  

T e s t e d  at 7 0 ° F  T e s t e d  a t  165°F  

A t  1 Atm 

Room t e m p e r a t u r e  c u r e  0.3270 0.070 

1 4 5 ° F  c u r e  0 . 3  170 -0 .2370  

After  24 h r s .  a t  10-6rnrn Hg 
nominal  and 7 0 ° F  

Room t e mpe r a tur e c u r  e 0. 0370 0. 16% 
1 6 5 ° F  c u r e  0. 0870 -0.4470 

2. Soli thane 113 w /300 Catalyst  (Thiokol) 

a. Mois ture  Absorption, ASTM D570 (ave rage  of 3 r ep l i ca t ions )  

At 1 A t m  

Room t empera tu re  c u r e  

1 6 5 ° F  c u r e  

Tes t ed  a t  7 0 ° F  Tes t ed  at 1 6 5 ° F  

1.4470 1.4470 

1.27% 1.0870 
-6  Af t e r  24 h r s ,  a t  10 mm Hg 

nominal  and (0°F 

Room t e m p e r a t u r e  c u r e  

1 6 5 ° F  c u r e  

1.670 

0.4570 

0.8% 
1.0% 

ZCdd I N C O R P O R A T E D  
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C. Potting Compound Stycas t  1090 w/Ca ta lys t  No. 9 and Catalyst  
No. 11 ( E m e r s o n  and Cuming) 

1. Mois ture  Absorpt ion,  ASTM D570 ( a v e r a g e  of 3 rep l ica t ions)  

Tes t ed  at 7 0 ° F  Tested a t  1 6 5 ° F  

I a. At  1 A t m  

I Room tempera tu re  c u r e  1.7570 2.37'0 
(Cata lys t  No. 9)  

-6 b. After  24 h r s .  a t  10 m m  Hg 
nominal  and 7 0' F 

t Room t empera tu re  c u r e  0.3570 1.767'0 
(Cata lys t  No. 9 )  
212°F-2 h r s .  cure  
(Cata lys t  No. 11) 

1.0170 3.0870 

i 2. T h e r m a l  Expansion, ASTM D696 (ave rage  of 3 rep l ica t ions)  
Tes ted  a t  f 

-40 'F to t 7 0 ° F  t 7 0 ° F  to t 3 0 0 ° F  l 

a. At 1 Atm 
Room tempera tu re  c u r e  1.59 x 1.52 x 10-5in/in 'F 
(Cata lys t  No. 9) 

(Cata lys t  No. 11)  
212°F-2  h r s .  cure  1.23 1.65 

3. T h e r m a l  Conductivity, ASTM C177-45 ( ave rage  of 3 rep l ica t ions)  

Tes t ed  at 
- 4 0 ° F  to t 7 0 ° F  t 7 0 ° F  to  t 3 0 0 ° F  

a. 

b. 

At 1 Atrn 

Room tempera tu re  c u r e  6.0 x 
(Cata lys t  No. 9) 
212°F-2  h r s .  cu re  7.5 10-5 
(Cata lys t  No. 11) 

After  24 h r s .  at  10 
nominal and 7 0 ° F  

-6 m m  Hg 

Room t empera tu re  c u r e  
(Catalyst  No. 9) 
212°F-2 h r s .  cu re  
(Catalyst  No. 11) 

8 . 2  l o g 3  
BTU/in2  /OF/hr / in .  

8.6 x 

7.6 

1.2 

z& I N C O R P O R A T E D  
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D. Foams, Eccofoam FP w/Ca ta lys t  12-6 ( E m e r s o n  and Cum1 ;) 

Eccofoam F P H  w /Cata lys t  12-61i (hign ternperatur14, 

1. Mois tu re  Absorpt ion,  ASTM D-570 ( ave rage  of 3 rep l ica t  3ns \ )  

T e s t e d  at 7 0  'F Tes ted  a t 1  65 'F - 
a. At 1 A t m  

FP 
FPii 

84% 
G n  
J" 

12 ay0 
5? 

-6 b. Af t e r  24 hour s  a t  10 mm 
Hg nominal  and  70"E' 

FP 104 
F P H  59 

\ 2. T h e r m a l  Expansion, ASTM D696 (ave rage  of 3 rep l ica t ions)  

T e s t e d  at 

a. At  1 Atrn 

~ ~ _ . _ _  -~~ 

- 4 0 ° F  to  t 7 0 ° F  t 7 0 ° F  to  t 165 'F 

-5 
FP 2 .8  x loo5 i n / i n / " F  2 .1  x i n / i n / " F  
F PH 2.1 10-5 0.8 x 10 

-6 b. Af t e r  24 hours  a t  10 m m  
Hg nominal  and 7 0 ° F  

FP 1.8 x l om5  i n / i n / " F  2 .6  x 10:; i n / i n / " F  
F P H  1.6 0.3 x 10 

c. A t  10-6rnrn Hg nominal  
and 7 0 ° F  

FP 
-5 3 . 2  x 10 

3 .  T h e r m a l  Conductivity ASTM C 177-45 ( a v e r a g e  of 3 rep l ica t ions)  

T e s t e d  at  
- 4 0 ° F  to t 7 O " y t  7 0 ° F  to t 3 0 0 ° F  

a. At  1 A t m  

FP - 9. o q3 
5.4 10-3 
BTU/in /"F/hr / in .  3 F P H  1.2 x 10- 

-6 
b. Af t e r  24 hours  a t  10 mm Hg 

nominal  and  7 0" 2 

FP 
F P H  

. 

I N C O R P O R A T E D  
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4. Density ASTM D1564 (average of 2 replications) 

Tested at 70°F Tested at 3 0 0 ° F  

a. At 1 Atm 

FP 

FPH 

. 

Zk ’  I N C 0 R P 0 R A T  E D  

0.0833 m s  / c c  0.0883 gms /cc 
5.2# /ft Q 
0.0854 
5 .3# / f t3  0.0913 gms /cc 
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